Transduction of full-length dystrophin to multiple skeletal muscles improves motor performance and life span in utrophin/dystrophin double knockout mice by Kawano, Ryoko et al.
熊本大学学術リポジトリ
Kumamoto University Repository System
Title Transduction of full-length dystrophin to multiple
skeletal muscles improves motor performance and l?
Author(s)Kawano, Ryoko; Ishizaki, Masatoshi; Maeda, Yasushi;
Uchida, Yuji; Kimura, En; Uchino, Makoto




Right ? 2008 American Society of Gene Therapy
 57
'<'45!8./?'1/'+*'&$)./*'&/3:7'$)./45
#7'48*:)9/54 5, ,:222+4-9. *>89756./4 95 3:29/62+ 81+2+9'2
3:8)2+8 /3675;+8 35957 6+7,573'4)+ '4* 2 /,+86'4 /4
















</9. */8+'8+ 35*+28 9.'9 7+)'6/9:2'9+ 9.+ )2/4/)'2 6/)9:7+ 8++4 /4  6'9/+498
$9756./4*>89756./4*5:(2+145)15:93/)+*153/)++=./(/99.+*>89756./)).'4-+8/4




5, @2 ;/7'2 ;+)957 /495 9.+ ,5225</4-3:8)2+ -75:68 25<+7 2/3(8	@22/3( :66+7
2/3(8@22/3('4* 97:418@28/*+ /-.9<++18',9+7 9.+./89525-/)'2 '4*6.>8/)'2
+='3/4'9/548 <+7+ 6+7,573+* %+ ')./+;+* ,:222+4-9. *>89756./4 +=67+88/54 '4*
67+;+49/54 5, 9.+ *>89756./) 6'9.525-> /4 /40+)9+* *15 3/)+ :79.+7357+ 35957
6+7,573'4)+ /4 /40+)9+**153/)+)5:2*(+ /3675;+*'4*9.+/7 2/,+86'4(+)'3+ 254-+7














   -)#% 7()#( !2% $%&)#)%.4 ). $9342/0(). "54 $)30,!9 %842%-%,9 -),$ #,).)#!,
0(%./490%3(!6%"%%.53%$-/34&2%15%.4,9!3-/$%,-)#%54)4 )3#/.#%)6!",%
4(!4 ! -/2% 2%,)!",% 4(%2!0%54)# 02%$)#!4)/. 3(/5,$ (!6% "%%. !#()%6%$ 7)4( $)3%!3%
-/$%,34(!42%#!0)45,!4%4(%#,).)#!,0)#452%3%%. ).0!4)%.4342/0().$9342/0().
$/5",% +./#+/54-)#% $+/-)#% 7%2% '%.%2!4%$ 4/ ).6%34)'!4% 4(% ).4%22%,!4)/.3()0
"%47%%.542/0().!.$$9342/0().).-53#,%3    +/-)#%3(/73,!#+0/3452%








,!2'%#,/.).' #!0!#)4950 4/ +"7()#( )3 35&&)#)%.4 4/ 0!#+!'% 4(% &5,,,%.'4(
$9342/0(). # 	+" ). ,%.'4(    	 		  % !.$ /4(%23 2%0/24%$ 4(%
35##%33&5,42!.3$5#4)/./&4(%&5,,,%.'4($9342/0().'%.%).4/-)#%53).'4(%$6
	
 	 	  
  /-%2%0/243(!6%3(/7. 4(!4-)#2//2425.#!4%$6%23)/.3/&$9342/0().2%#/6%2%$
4(%$9342/0()#0(%./490%).-)#%	 	 	 	 	 (/7%6%24(%2%35,43/&!
345$953).'$9342/0()#$/'3 4(!42%#%)6%$-%3/!.')/",!3434%-#%,,335''%344(!4 4(%
2%0,!#%-%.4/&-)#2/$9342/0().02/$5#%3!-/$%34&5.#4)/.!,2%3#5%7(),%!,4%2.!4)6%
&5,,,%.'4( $9342/0(). -)'(4 "% -/2% %&&%#4)6% 
  % 30%#5,!4% 4(!4 "%#!53% /&
$9342/0().<3 (5'% 3):% !.$ #/-0,%8 3425#452% !,, /& )43 &5.#4)/.3 (!6% ./4 "%%.








;*88*18 $% :9 .3 9-* 57*8*39 89:)> .3 47)*7 94 &;4.) 9-* ;*(947 .3+*(9.3, 94 9-*
47,&389-&9,*3*97&38):(9.43.8:33*(*88&7><*97&38+*77*)9-*+:111*3,9-)>89745-.3
( .394 2:19.51* 80*1*9&1 2:8(1*8 4+ 9-* *=97*2.9.*8 &3) 97:308 4+ )04 2.(* &3)
&3&1>?*) 9-* 9-*7&5*:9.( *++.(&(> 4+ 9-.8 9-*7&5> '> -.89414,.(&1 &3) 5->8.(&1
4'8*7;&9.438 
  :77*8:1988:,,*899-*+.7899.2*9-&9'>:8.3,)042.(**;*32:19.51*.397&2:8(:1&7
&)2.3.897&9.438 4+ ); (&77>.3, +:111*3,9- )>89745-.3 (4:1) 7*8947* 349 431> 9-*
-.89414,.(&1 &'3472&1.9.*8 ':9 &184 49-*7 ;&7.4:8 8>259428 80*1*9&1 )*+472.9> 82&11
'4)><*.,-9&3)5447249475*7+472&3(*#*(43(1:)*)439-*'&8.84+9-*8*7*8:198





  #* (43897:(9*) );2>(2)>8 &8 8-4<3 .3 .,:7*  !4 .)*39.+> )>89745-.3
5749*.38)*1.;*7*)+742);2>(9&,<&8.38*79*).3949-*)>89745-.3('*9<**3
39 &3) 39 .3 +7&2* ((47).3, 94 #*89*73 '149 &3&1>8.8 4+ 9-* 5749*.3
*=97&(9*) +742 9-* );.3+*(9*)   (*118 9-* *=57*88*) 5749*.3 (4:1) '*
&((:7&9*1> )*9*(9*) '> 24:8*2434(143&1 &39.(2>( &39.'4)> (143* &3)
7&''.9541>(143&1 &39.)>89745-.3 &39.'4)> )>89745-.3 
 !-* *=57*88.43 4+
+:111*3,9-)>89745-.3 .3 9-* .3/*(9*)2:8(1*8<&8&184 ;*7.+.*)'>#*89*73'1499.3,'>
:8.3, )>89745-.3 
 !-* *=57*88*) 5749*.3 2.,7&9*) 94 9-* 548.9.43 4+ 9-*
*3)4,*34:8 )>89745-.3*=97&(9*) +742<.1)9>5*2:8(1*<-48*241*(:1&7<*.,-9<&8
	0& :55479.3,3+472&9.43





9-* 574=.2&1 80*1*9&1 2:8(1*8 &7* 247* 8*;*7*1> &++*(9*) .3  <* *;&1:&9*) 9-*
*++.(&(><.9-.39-*8*2:8(1*8 
  #-*3 <* *;&1:&9*) 9-* 5&9-414,.(&1 47 5->8.(&1 (-&3,*8 <* 8*1*(9*) ! 2:8(1*
7*57*8*39&9.;*1>'*(&:8*.9<&89-*8.251*8994'*.)*39.+.*)&3)7*24;*)88-4<3.3
.,:7* 	& )>89745-.3 <&8 (1*&71> 4'8*7;&'1* .3 .3/*(9*) )04 !2:8(1*8 &3) 14(&1.?*)
'*3*&9-9-*8&7(41*22&8.2.1&7 94<.1)9>5*2:8(1* 22:34-.894(-*2.(&1 89&.3.3,+47
2>(9&, :3)4:'9*)1> .3).(&9*) 9-&9 9-* )*9*(9*) )>89745-.3 <&8 )*7.;*) +742 9-*
 60
75%26*)55)(+)2)063:)*382(7,)()0-9)5)((<67534,-2-237,)5-2.)'7)(186'0)6(%7%
2376,3:2$) *382(*3'%0%2(4%7',<(<67534,-2);45)66-32 -2 -2.)'7)((/3186'0)6
 8%27-7%7-9) %2%0<6-6 3* 7,) 4)5')27%+) 3* (<67534,-2436-7-9) %5)% -2 -2.)'7)( (/3
186'0) %9)5%+)( 
 ±   2 )9)2  :))/6 %*7)5 -2.)'7-32 ",) (<67534,-2




  );7 :) %6/)( :,)7,)5 (<67534,-2 );45)66-32 '380( 5)6735) 7,) );45)66-32 3*
(<6753+0<'%26%5'3+0<'%2!(<67534,-2%663'-%7)(4537)-266%2(
2)8532%02-75-'3;-()2! 27)5)67-2+0< 7,) -11823,-673',)1-'%067%-2-2+6*35)%',
%27-+)2()132675%7)(7,%7&37,%2(!:)5)%06345)6)27%77,)6%5'30)11%3*
7,)()0-9)5)((<67534,-2436-7-9)*-&)56 -2 7,) -2.)'7)((/3186'0)635)6-+2-*-'%270<
2!);45)66-32:%6%0635)6735)(737,)6%5'30)11%-27,)-2.)'7)((/3186'0)6-1-0%5
73:-0(7<4)186'0) 


















-1182) ')006 -2 7,) -2.)'7)((/3+5384 7,%2 -2:-0(7<4)+5384 

3:)9)5 -27,)-2.)'7)((/3+5384:)()7)'7)(18',*):)5436-7-9)
')006 	 %2( 436-7-) ')006 	 7,%2 -2 7,) 82-2.)'7)( (/3 +5384
-+85)
&--
#)'735 -2.)'7)((/31-')-2'5)%6)(&3(<:)-+,7%2( 0-9)( 032+)5  
  $) '314%5)( 7,) ()9)0341)27 %2( 7,) 0-*)64%2 %132+ 7,) *3003:-2+ 7,5)) +53846
-2.)'7)((/31-')82-2.)'7)((/31-'):-0(7<4)1-') 







"/%.53$-&"4201)9 */ 4)& */+&$4&%%,0.053& *4 3&&.&% 40#&.5$)#*((&2 4)"/ 4)&
5/*/+&$4&%%,0.053& 
  !&7&*()&%7&&,-94)&.*$&*/4)&4)2&&(20513*(52&#)&#0%97&*()4$526&0'
4)& */+&$4&% %,0 (2051 %*''&2&% 3*(/*'*$"/4-9 '20. 4)"4 0' 4)& 5/*/+&$4&% %,0 (2051 "4
"11208*."4&-94)2&&7&&,3'0--07*/(*/+&$4*0/)&#0%9."330'4)&*/+&$4&%%,0.*$&
7"3 -"2(& $0.1"2&% 7*4) 4)"4 0' 4)& 5/*/+&$4&% %,0.*$& #54 /04 $0.1"2"#-& 40 4)&
."330'7*-%491&.*$&
  "1-"/&*&2 "/"-93*3 *(52& $&8)*#*4&% 4)& %*''&2&/$& */ 4)& 3526*6"- 2"4&7*4)"
34"4*34*$"-3*(/*'*$"/$&#&47&&/ 4)& */+&$4&%%,0.*$&"/% 4)&5/*/+&$4&%%,0.*$&
7)*$) */%*$"4&% 4)"44)& */+&$4&%%,0.*$& -*6&% -0/(&2 4)"/ 4)&5/*/+&$4&%%,0
.*$&
 &$402 */+&$4&%.*$&*.1206&%*/.04021&2'02."/$& 
  !&"33&33&% 4)&.04021&2'02."/$&".0/(4)&(20513#9'00412*/4"/"-93*3"/%







7*4) " 3*(/*'*$"/4-9 -0/(&2 342*%& 4)"/ 4)"4 0' 4)& 5/*/+&$4&% %,0.*$& 	 )&
*/+&$4&%%,0.*$&"-303)07&%"/*.1206&.&/4*/'&"452&30'("*4"/%34"/%*/(7)*-&4)&
5/*/+&$4&% %,0 .*$& $05-% /04 -*'4 4)&*2 07/ #0%9 7&*()4 %2"((&% 4)&*2 1&-6*3 7)&/
7"-,*/("/%3)07&%"2&-5$4"/$&407"-,511024*/(6*%&0 




)052 1&2*0%3 0' 4)& */+&$4&% %,0.*$& 4)& 5/*/+&$4&% %,0.*$& "/%
7*-%491&.*$&7&2&;/;	/"/%	;/

















'%2 453032+ 7,) 0-*)64%2 3* 4%7-)276 )2) 7,)5%4< -2 '3275%67 73 7,)1%/)6,-*7
7,)5%4<'32(8'7)(23: -6)66)27-%075)%71)2773'314)26%7) *3545-1%5<()*)'76 -2%
+)2)*:)'%24539)7,))**-'%'<3**8000)2+7,(<67534,-2'75%26*)5737,)6)9)5%0
186'0)6-27,)13()01386):,-',5)6)1&0)64%7-)27(-640%<-2+'0-2-'%06<147316
:) '%2 );4)'7 7,) )**-'%'< 3* +)2) 75%26*)5 &< 7,) (-5)'7 9)'735 -2.)'7-32 73 6)9)5%0
186'0)63*%4%7-)27








 0)9)0 -2  1-') '380( 237 %',-)9) 1354,303+-'%0 -14539)1)276 #	$ 85
5)68076 7,%7 )9)2 
 3* *8000)2+7, (<67534,-2 );45)66-32 -2 (/3 1-') '%2 -14539)
4,<6-303+-'%00<%6:)00%6,-6734%7,303+-'%00<68++)67*8000)2+7,(<67534,-2:380(135)
)**-'-)270<45)9)276)9)5)(<67534,-'4%7,303+<%2(*82'7-32%0()*-'-)2'<35)39)5:)
*382( (<67534,-2 );45)66-32 237 320< -2 7,) -2.)'7)( 186'0)6 &87 %063 7,)-5 %(.%')27
186'0)6 ")%/ &%55-)5 &)7:))2 186'0)6 3* 2)32%7%0 (/3 1-') %2( 7,) 45)6685) 3*
-2.)'7-321%<%003:(911<'(<6734)2)75%7)&)<32(186'0)6,-6*%'7:-00,)04
73 );40%-2 7,) +)2)5%0 4,)237<4-' -14539)1)276 &< -275%186'80%5 %(1-2-675%7-32 3*
(911<'(<6 








2 %((-7-32 7,) (%7% 3* 6 %2( 2 68++)676 7,%7 7,) ()0-9)5)( (<67534,-2
5)6735)( 7,) );45)66-32 3* 6 %2( 2 2  4%7-)276 %2( 1(; 1-') 2 -6
%&6)27 *531 7,) 6%5'30)11% #
$ %2( 25)0%7)( ()*)'76 1%< '3275-&87) 73 7,)
4%7,34,<6-303+< 3* (<67534,-234%7,< #
$#
$#





1. .!/1(0/ /1##!/0 0$0 0$! .!+2!.5+" *3%0$ "1(((!*#0$ 5/0.+,$%*)5 .!"(!0
+0$!."1*0%+*/+" 5/0.+,$%*
  $!!*0.((5*1(!0! )5+"%!.//!!*%*%* %0!*0%2!.!#!*!.0%*#,.+!//
3$%(!*+.)()1/(!"%!./.!1*%"+.)%*/%6!* $2!,!.%,$!.(*1(!%  $!.!"+.!3!
//!//! 0$!%),.+2!)!*0%*,0$+(+#550$!*1)!.+"!*0.((5*1(!0! "%!./+.
0.!0!   '+ )%! 0$! //!//)!*0 3/ ,!."+.)!  %*  5/0.+,$%* ,+/%0%2! "%!./ 0+
!/0%)0!0$!0$!.,!10%!""%5.!0!  '+)%!/$+3! /%#*%"%*0 !.!/!%*0$!
*1)!. +" !*0.((5 *1(!0!  "%!./ +),.!  0+ 0$+/! +" 1*0.!0!   '+ )%! $%/
+/!.20%+* /1##!/0/ 0$0 0$! 0.*/"!..!   5/0.+,$%* ,.!2!*0/  5/0.+,$% $*#!/
*+.)(%6!/0$!)5+"%!./* .!)! %!/0$!,.%).51/!/+"
  $! !4,.!//%+* +"  !(%2!.!   5/0.+,$%* 3/ %))1*+$%/0+(+#%((5  !0!0!  %* 
3!!'+( 0.!0!  '+)1/(!/3$%$/1##!/0/0$0%*0.)1/1(. )%*%/0.0%+**(! 
0+ 5/0.+,$%*!4,.!//%+*%*,,.+4%)0!(5
3!!'/.!2%+1/(53!.!,+.0! 0$!%(%050+
.!,!0! (5%*&!0 2..5%*#0$!"1(((!*#0$ 5/0.+,$%** 0$0.!,!0! 
%*&!0%+*/ )5 %),.+2! 0$! !""%%!*5 +" /1/!-1!*0  5/0.+,$%* 0.*/"!. !,!0! 
%*&!0%+*/ 0 ,,.+,.%0! %*0!.2(/ .! 0$+1#$0 0+ ((+3 0$!  !(%2!.!   5/0.+,$%* 0+ !
!4,.!//! "+.(+*#!.0!.)
  $!%))1*+(+#%(.!/,+*/!0+2%.(*0%#!*/* 0$!.,!10%,.+0!%*!4,.!//! 50$!
 !(%2!.!  #!*! 3+1(  ,.!2!*0 !""!0%2! 0.!0)!*0 ! !4)%*!  0$! !((1(. %))1*!
.!/,+*/! 0.%##!.!  5 0$!  2))5 5/ 3%0$ 0$! *1)!. +" ,+/%0%2! * 

,+/%0%2! !((/  ! **+0  !*5 0$! %))1*+(+#%( !""!0 5
 2))5 5/ %* %*&!0!   '+ #.+1, +*/% !.%*# 3%0$ 0$!  0 +" 3%( 05,! * 
%*&!0!  '+#.+1,103!"+1* )1$"!3!.*1)!.+"0$!%))1*!!((/%*0$!%*&!0! 
 '+ )1/(!/ 0$* %* 0$! 1*%*&!0!   '+ )1/(!/ 1. .!/1(0/ /1##!/0 0$0 0$!
2!0+.%*&!0%+*3+1( /(%#$0(5%* 1!0$!!((1(.%))1*!.!/,+*/!%*0.*/ 1! )1/(!/
103+1( *+0##.20!0$!!((0%20%+*%* 5/0.+,$%)1/(!/
 
  .!0!   '+ )%! /$+3!  +2%+1/  %""!.!*!/ %* + 5 /%6! *  3!%#$0 *  +0$
!40.!)!(5)%( !.'5,$+/%/* )1/(!0.+,$5+),.! 3%0$0$0+/!.2! %*1*0.!0! 
 '+)%! $! %*.!/! + 53!%#$0 %* 0.!0!   '+)5 .!"(!0 0$! %*.!/! )1/(!
)// 3$%$ 3/ /1,,+/!  ".+) 0$! $%/0+(+#%( .!/0+.0%+* *   %0%+* 0$! .!(0%2!(5
(.#!.+ 5/%6!* 0$!%),.+2!)!*0/+"'5,$+/%/* &+%*0+*0.01.!/)5((+30$!
0.!0!  '+)%!0+!//0$!%."++ +.30!.)+.!!/%(5$!(%"!/,*+"0$!0.!0! 
 '+)%!3/(+*#!.0$*0$0+"1*0.!0!  '+)%!,+//%(5 1!0+0$!%),.+2!)!*0/
%* !0%*# *   .%*'%*# !$2%+. $! 1/!/ +"  !0$ %*  ,0%!*0/ .!)+/0 (%'!(5






365.,9 :;90+, 3,5.;/: ;/(5 ;/(; 6- <5;9,(;,+ +26 40*,  		
 (5+ :/6>,+
04796=,4,5;05;/,09>(3205..(0;"/,7/@:0*(39,:;69(;065:05;9,(;,++2640*,:<*/(:
05*9,(:,+)6+@>,0./;(5+;/, 04796=,4,5;:652@7/6:0:(5+ 1605; *65;9(*;<9,:4(@
(3:6 *65;90)<;, ;6 ;/, 04796=,4,5;: 05 .(0; (5+ ;/, 3,5.;/ 6- :;,7: "/, 36*646;69
(*;0=0;@05;9,(;,++2640*,(3:605*9,(:,+6=,9;/(;05<5;9,(;,++2640*,		




051,*;,+4<:*3, ;/, 04796=,4,5; 6- -69*, .,5,9(;065 )@ ;/, :,=,9(3 ;9,(;,+4<:*3,:
>6<3+ 9,:<3; 05 ;/, 04796=,4,5;6-46;697,9-694(5*,%,:7,*<3(;, ;/(; ;/,/0./,9
;9(5:+<*;065,--0*0,5*@;/,.9,(;,94<:*3,-69*,(5+;/,),;;,904796=,4,5;:6-46;69
7,9-694(5*,
  %, :<**,::-<33@ ;9(5:-,99,+ ;/, -<333,5.;/ +@:;967/05 * )@ 36*(3 051,*;065 05;6
4<3;073,4<:*3,:(5+*65-094,+;/,,--0*(*@6-;/0:;/,9(7@)@/0:;636.0*(3(5+7/@:0*(3
6):,9=(;065:<99,:<3;::<..,:;;/(;4<3;073,05;9(4<:*<3(9(+4050:;9(;065:6-+=
*(99@05. -<333,5.;/ +@:;967/05 * *(5 9,+<*, :@47;64: (5+ *647,5:(;, -69 36:;
-<5*;065:057(;0,5;:(5@8<,:;065:9,4(05;6),*65:0+,9,+()6<;;/,,--0*(*@6-
.,5,;9(5:-,9;/,;,946-,?79,::065044<5636.0*(39,:765:,(5+;/,;9(5:+<*;065;6
+0(7/9(.4 (5+ *(9+0(*4<:*3,: >/0*/ (--,*; ;/, 796.56:0: 6- 7(;0,5;:%, /67,





,33 305,:<:,+ 05;/0: :;<+@(9,!4652,@20+5,@*,33:4,90*(5"@7,*<3;<9,
633,*;065(5(::(: $ #! /<4(5 ,4)9@650*20+5,@ *,33: (5+9,
 :;()3@ ,?79,::05. ;/, 9, 9,*64)05(:, &' 33 *,33: >,9, .96>5 05 
<3),**6A:46+0-0,+(.3,A:4,+0<4 5=0;96.,5(93:)(+#!>0;/
	-,;(3
)6=05, :,9<4   06:*0,5*,: ,5,?( ! #! 	#43 7,50*03305 (5+ 	#43




+2 5.C2 ?2=<?A21 12A.6921 6;3<?:.A6<; 0<;02?;6;4 A52 529=2? C6?B@ 1@D ,-
29=2? C6?B@ D.@ 0<;@A?B0A21 B@6;4 A52 #'($ :2A5<1 ,
	- 6?@A . 0<@:61
=12E'D9<E D.@ 42;2?.A21/F 964.A6;4 A528/ 
&* 3?.4:2;A<3=5.42
;A 	 A< ;A   6;A< 	1642@A21 =12E'D9<E 0<;A.6;6;4 AD< =.?.9929 $
@6A2@ 2;0<:=.@@6;4 A52 .12;<C6?B@ =.08.46;4 @64;.9  "2EA 	 μ4 <3 A52







(52 :B?6;2 3B9992;4A5 1F@A?<=56; 0" 3?.4:2;A D.@ 2EA?.0A21 3?<: =9.@:61
= !,	-.;1 964.A21 6;A<=' ,











.;1 A?.;@320A21 A< ?2 0299@ /F A52 0.906B: =5<@=5.A2 =?206=6A.A6<; (?.;@320A21
?2 0299@ D2?2 6;320A21D6A5 A52 529=2? C6?B@1'D .A .:B9A6=9606AF <3 6;320A6<;
:<6<3A52;=?<=.4.A21?2=2.A219F(52C6?B@D.@=B?63621/F@912;@6AF4?.162;A
.;1A52=.?A6092A6A2?<3A52=B?636211C=.?A6092@:9D.@:2.@B?21/FA52<=A60.9
12;@6AF .A 	;: ,- 6;.99F D2 </A.6;21 . A6A2? <3 H
	
 C6?B@ =.?A6092@:9
1C:F0: 1F@ 29=2? C6?B@ 0<;A.:6;.A6<; D.@ 92@@ A5.; 
 (52 2E=?2@@6<; <3















99 .;6:.9 2E=2?6:2;A@ 6; A56@ @AB1F D2?2 .==?<C21 /F A52 B:.:<A< );6C2?@6AF
<::6AA22<;;6:.9&2@2.?05
 66
)0 @>0/  	
84.0 ,> , 9:=8,7 .:9?=:7 '30 /6:84.0 @>0/ 49 ?34> >?@/D B0=0
:=4249,77D 2090=,?0/ -D 990  0.:949.6   *+ C;0=4809?,7 /6: 84.0 B0=0









  '30/6:84.0B0=0 4950.?0/B4?3/A8D.8 /D> 49?: 1:77:B4928@>.70> ?=4.0;>
-=,9.344 <@,/=4.0;> 108:=4> ?4-4,74> ,9?0=4:= ' ,9/ ;,=,>;49,7 8@>.70> -47,?0=,77D
@>492,
2,@203,71900/70:9,,847?:9>D=4920,??30,20:1>0A09/,D>,.38@>.70
B,> 4950.?0/ >,80 A:7@80 :1 ?30 /A8 8D./D>  μ7 ,9/ , ?:?,7 :1 
 μ7 ;0=
8:@>0$=4:=?:?304950.?4:9>?3084.0B0=0,90>?30?4E0/-D;7,.492?308:94.0423?
B006> ,1?0= ?30 4950.?4:9>B0 ;0=1:=80/ ,9 ,>>0>>809? :18:?:= ;0=1:=8,9.0 ,9/ ,
34>?:7:24.,7,9,7D>4>
4>?:7:24.,70C,849,?4:9,9/ 488@9:>?,49492








 &,9?, =@E 4:?0.39:7:2D 1:= ?308D.?,2
B,> .7:90
 
 &! 1:=  B,> 8:@>0 8:9:.7:9,7 ,9?4 

" -":A:.,>?=,"0B.,>?70@;:9 'D90 ( 1:=&B,>8:9:.7:9,7 ,9?4&
/3,749 

 " ,&% ,9/ 1:= 9"#& B,> , ;:7D.7:9,7 ,9?49"#& ?0=849@>
,9?4-:/D "#& %
 




















:= 0A,7@,?4:9 :1 .077@7,= 488@90 =0>;:9>0 49 ?=,9>/@.0/ ,=0,> ?30 9@8-0=> :1


























 6423>/,<5 .C.60 $?<@4@,6 ,8,6C=4= A,= :0<19<70/ ?=482 >30 ,:6,8040<
,8,6C=4=,8/.97:,<4=98=A0<07,/007:69C482>3092<,85>0=> 
?=.6019<.070,=?<0708>=
  % 7?=.60= A0<0 4=96,>0/ ,8/ <079@0/ 1<97 >30 74.0 ,>  A005= 91 ,20 %30 %
7?=.60=A0<0.,<01?66C79?8>0/48,.3,7-0<14660/A4>39BC208,>0/#4820<E==96?>498
!!,8/7,48>080/,>	°!80>08/9891>307?=.60A,=,>>,.30/>9,
=>006 3995 48 >30 .3,7-0< ,8/ >30 9>30< A,= >40/ >9 >30 60@0< ,<7 91 , /?,679/0
=0<@979>9< =C=>07 60.><984. $>47?6,>9<  !  !  %95C9 ,:,8  	



















,:,8 ,8/ < $ %,50/,  ,>498,6 8=>4>?>0 91  0?<9=.408.0  ,>498,6 08>0< 91
 0?<9692C ,8/ "=C.34,><C ,:,8 19< 548/6C :<9@4/482 /59 74.0  %34= A9<5 A,=
=?::9<>0/48:,<>-C,<,8>484/19<$.408>414.#0=0,<.31<97>30,:,80=0484=><C91
 68





..=1A5-?5;:>-=1 '% 5:A1=?10 ?1=95:-8 =1<1-?;2-01:;A5=@><-/7-35:3>53:-8#









=;9 812? ?; =534?  D>?=;<45: 0D>?=;<45: 		 9D/?-3 /8;:1	









.5=10@/?5;: 5:?41:@9.1=;2/1:?=-88D :@/81-?1025.1=> 
:61/?1007;95/1>4;B->53:525/-:?=10@/?5;:5:?41:@9.1=;2/1:?=-88D:@/81-?1025.1=>






+53@=1 , 221/?> ;2 0A9D/90D> ;: -<<1-=-:/1 -:0 9;?;=
<1=2;=9-:/15: 5:61/?1007;95/1
-<<1-=-:/1 





%+4%.' 9+.&6;2' /+%' 	9±
 9	± 9	±	 9	±	
9		± 64+#0).' +0,'%6'& &-1 /+%' 	9
± 9±		 9±
9±	 9±








6*' +0,'%6'& &-1 #0& 6*' 70+0,'%6'& &-1 #6 '#%* 21+06 9#5 	 9''-5 
9''-5	9''-59''-5	#0&9''-5		









*' 6;2+%#. 2#66'40 1( (11624+06 (14 
 )41725 9+.&6;2' /175'.'(6 70+0,'%6'& &-1
/175' /+&&.' #0& +0,'%6'& &-1 /175' 4+)*6 4'8'#.'& 6*' 70+0,'%6'& &-1 /175'
















*' +0,'%6'& &-1 /+%' 5+)0+(+%#06.; +/2418'& 6*'+4 /1614 #%6+8+6; 18'4 6*#6 1( 6*'
70+0,'%6'&&-1/+%'
%'2#4#/'6'45 5*19'&5+)0+(+%#06.;&+(('4'0%'$'69''0 6*' +0,'%6'&&-1/+%' #0&
6*'70+0,'%6'&&-1/+%'(14#..2#4#/'6'45









796/-?6+< A/312> 90 >2/ /B:</==/. :<9>/38 A+= 





























































































































































*8;23.+ %=.+* +<;=8 3A+68<8!&+4/.+!=:+<+73%/<+5

6@
+7.6@0=7-<387;37./>/5896/7<80.8:;+5</5/7-/92+587!

 73

	




&14'*00*660*5!&2)&1'538,-
$-*&07*52&7.9*
(&5'3;<07*51.2.3+&9.&2(&5).&(&2)'5&.26&5(340&61.(5*7.(8081*2)340&61.(
5*7.(8081&$!&6*6&5*3234436.7*6.)*63+7-*1*1'5&2*


.77*5*)*5&5(-&2)$5&42*00
9&08&7.323+7-*
(32(*275&7.32&2)'.3&(7.9.7<3+&)*239.5869*(7356+35,*2*7-*5&4<	
	
,&6-.5&:&6&/.$&/&6-.1&%&7&2&'*$&:&'*&768)&$*7&0
		07*5*))*45*66.325*0&7*)'*-&9.35&2)2*853(-*1.(&0(-&2,*6.2
6*53732*5,.(2*85326.2187&27"	%-81&27&875&26,*2.(1.(*	
	


&7686-.7&,&6-.5&&5&)&# /823".6-.1&:&6&.*7&0
		!*5364.532*&239*0&27.46<(-37.()58,.2-.'.761&5'0*'85<.2,'*-&9.359.&
$
5*(*4735.21.(*.140.(&7.326+353'6*66.9*(314806.9*).635)*5		







